Citation: Clin Transl Sci (2020) 13, 228-237; doi:

REVIEW

Development of Novel Male Contraceptives

John K. Amory'*

Unintended pregnancy is surprisingly common, accounting for 40-50% of pregnancies worldwide. Contraception is the most
effective means of preventing unintended pregnancy. Seventy percent of all contraceptives are used by women; however,
some women are unable to use contraceptives due to health conditions or side effects. Many men wish to take a more active
role family planning, but currently have only two effective male contraceptive options, condoms and vasectomy. Therefore,
work to develop novel male contraceptives analogous to popular female methods, such as daily pills or long-acting shots and
implants, is underway. This paper will briefly discuss the pros and cons of condoms and vasectomies, and then review the

research into novel methods of male contraception.

The world’s population currently exceeds 7.7 billion and
is increasing by 80 million per year and will likely reach
9.6-12.3 billion by 2100.! Population growth is the leading
cause of environmental degradation.? Forty to 50% of this
population growth is unintended. In the United States be-
tween 2008 and 2011, 45% of pregnancies were unplanned,
and 42% of these pregnancies ended in abortion, account-
ing for 1.2 million abortions in the United States annually.3
Worldwide, 41% of pregnancies were unplanned and 20%
of these pregnancies ended in abortion.* These high rates
of unintended pregnancy are due to inadequate use of or
access to modern methods of contraception. Use of an ef-
fective contraceptive dramatically reduces abortion rates,
and also results in improvements in newborn and maternal
health from better child spacing.5 Therefore, there is a great
need for better access to contraceptives, and more contra-
ceptive options. Male contraceptive options are particularly
limited.

Nevertheless, in the United States, 30% of couples use
an effective male method of contraception, with 20% of
couples relying on condoms for contraception and 10% of
couples using vasectomy.6 Men not in couples have an even
higher reliance on condoms, with 47% of single men report-
ing condoms as their primary method of contraception.®
However, both condoms and vasectomy have significant
drawbacks. On the plus side, condoms do provide some
protection against sexually transmitted infections, but they
have a less than ideal contraceptive efficacy.7 Vasectomy
can be expensive and require surgery. Perhaps, more impor-
tantly, vasectomy can be difficult to completely reverse in all
cases.? Additional male contraceptive options, in particular
a male contraceptive analogous to the estrogen-progester-
one pills used by women, would be of interest to a large
majority of men.>'® Importantly, the available data suggest
that women in stable relationships would trust their partner
to use a male contraceptive were one available.'" Therefore,
greater access to male contraceptives would greatly im-
prove contraceptive choice for both single men and men in

couples, allowing men to take a more active role in family
planning and the prevention of unintended pregnancy.

In order to discuss what types of male contraceptives
are possible, it is first necessary to describe the process
of spermatogenesis. The production of sperm (spermato-
genesis) takes 64-72 days in humans.'? After puberty, men
make sperm continuously, which results in the production
of ~ 1,000 sperm a second. Spermatogenesis occurs in
four phases: (i) a mitotic phase, wherein the spermatogonial
stem cells divide giving rise to diploid spermatocytes; (i) a
meiotic phase wherein spermatocytes double their number
of chromosomes and complete two rounds of cell division
leading to haploid spermatids; (iii) spermiogenesis, wherein
the spermatids condenses its nuclei and forms the flagel-
lum; and last, (iv) spermiation, wherein the spermatozoa is
released into the tubular lumen.”® The sperm completes
its maturation in the epididymis. Indeed, sperm taken from
the cauda epididymis are capable of fertilization, whereas
sperm from the caput epididymis are unable to fertilize an
egg in vitro." The testes also synthesize testosterone, the
primary male sex steroid. High concentrations of intrates-
ticular testosterone are necessary for sperm produc’rion,15
whereas circulating testosterone supports healthy sexual
function and maintains muscle mass and bone density.'®
Testosterone is produced by the Leydig cells in the inter-
stitium of the testes, under the stimulation of luteinizing
hormone (LH). Spermatogenesis occurs in the seminiferous
tubules, nurtured by Sertoli cells, the function of which is
stimulated by follicle-stimulating hormone (FSH) and intra-
testicular testosterone.'® With knowledge of the physiology
of sperm production discussed above, it is apparent that a
novel male contraceptive could work in one of the following
three ways:

1. By preventing sperm from reaching the egg using a
physical barrier such as a condom, or by occlud-
ing the vas deferens with a surgical vasectomy or
another type of vas occlusion method.
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2. By completely inhibiting spermatogenesis.

3. By killing the sperm or inhibiting an essential sperm
function (e.g., sperm motility) either before ejaculation
or inside the female reproductive tract.

In this review, we will first describe the advantages and
disadvantages of current methods of male contraception
and second, we will review some of the research into the
development of novel hormonal and nonhormonal methods
of male contraception that function by one of these three
mechanisms.

CURRENTLY AVAILABLE MALE CONTRACEPTIVE
METHODS

Vasectomy

Vasectomy is a surgical procedure in which the vas def-
erens is physically severed bilaterally through a small
scrotal incision. Approximately half a million vasecto-
mies are performed in the United States annually and
over 60 million men around the world have undergone
the procedure.'” Vasectomy is a highly effective method
of male contraception with a failure rate under 1% and
few serious complica’[ions.18 The “no-scalpel technique,”
developed in China, that uses a single midline puncture
in the scrotal raphe using scissors has been widely ad-
opted.” The main drawback to vasectomy is the delay in
the onset of azoospermia and, hence, contraceptive effi-
cacy of 3—4 months, as sperm in the vas distal to the site
of surgery still appears in the ejaculate. In addition, post-
operative pain can be an issue. Although most operative
pain resolves quickly, 10-15% of men have some chronic
testicular discomfort after vasectomy.?’ Of these men,
most have relief of their discomfort with reversal of the
vasectomy,?' suggesting that obstruction of the vas was
causing their pain.

Vasectomy is only appropriate for men who do not wish
any future fertility. However, ~ 3-5% of men who have a
vasectomy eventually request reversal, usually due to re-
marriage or the death of a child.?? For this reason, some
urologists recommend collection and freezing a semen
sample prior to the procedure, although this is not done
commonly in practice. Vasectomy can be surgically re-
versed by a procedure called a vasovasostomy, which
restores fertility in most cases. Unfortunately, the rates
of pregnancy after vasovasostomy vary from 50-75% in
previously fertile men. The risk of postvasectomy infertility
seems to depend on the length of time between the va-
sectomy and the vasovasostomy.23 Some of these men’s
infertility is thought to be due to the presence of anti-
sperm antibodies.?* For these reasons, vasectomy cannot
be recommended as a reliably reversible method of con-
traception, although it is very useful for men who are not
interested in fathering pregnancies. In addition, some men
remain cautious about a negative impact of vasectomy on
sexual performancezs; however, there is no evidence for
such an association.

Condoms
Condoms have been used for contraception by men for
several hundred years. Originally made of animal intestines,
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since the 1920s, condoms have been mostly made from
latex rubber. Latex condoms are effective in protecting
against several sexually transmitted diseases, such as
human immunodeficiency virus, syphilis, gonorrhea, pap-
illomavirus, and the herpes simplex virus. Unfortunately,
condoms are not a highly effective method of contraception.
Pregnancy rates for couples using condoms for contracep-
tion are 10-15% per year,26 and rates of pregnancy are
higher in younger couples with greater fecundity. Condom
failure can result from improper usage, or breakage, which
occurs up to 4% of the time.?’ In addition, some men dislike
condoms because they find them difficult to use or feel that
they diminish sexual pleasure.?® Last, some people have
allergic reactions to the latex, which is allergenic and can
lead to penile or vaginal irritation and even anaphylaxis, al-
though this is rare. Polyurethane condoms are an alternative
for couples who have latex allergies, although polyurethane
condoms are less effective at pregnancy prevention than
latex condoms due to their looser fit, which can cause them
to slip off more frequently.?®

Withdrawal
Withdrawal or coitus interruptus is sometimes considered a
male method of contraception, and is mentioned as the pri-
mary method of contraception by 3-5% of couples in the
United States.® Withdrawal is not endorsed by the medical
community as an effective method of contraception as the
stated 1-year failure rate of withdrawal in couples using it as a
sole method of contraception is 20-30%.%8 However, it must
be noted that little research has focused on this method of
contraception, and its true efficacy may be higher or lower
depending on how it is practiced. Another male-related
method of contraception is fertility awareness, also known as
“natural family planning.” Using this method, while driven by
the female partner’'s knowledge of the timing of her ovula-
tion, the man plays a crucial role in honoring the cycle-related
limitations of vaginal intercourse and, thus, contraceptive ef-
ficacy of this option, which has a failure rate similar to that of
withdrawal.®

In summary, in the United States, 30-35% of couples use
an existing male method of contraception (Table 1). This
demonstrates that men are interested in contraception and
willing to use available methods. However, each of these
methods has significant drawbacks. Therefore, novel ap-
proaches to male contraceptive development are needed.
Research into novel methods of male contraception is un-
derway. The remainder of this chapter will focus on these
efforts to develop novel male contraceptives for the preven-
tion of unintended pregnancy.

EXPERIMENTAL MALE CONTRACEPTIVES

Hormonal male contraceptives

The suppressive effect of exogenous testosterone on
sperm production has been recognized for over 80 years.
Testosterone works as a male contraceptive by suppress-
ing the secretion of LH and FSH by negative feedback at the
pituitary and hypothalamus (Figure 1). Very low circulating
levels of LH and FSH mean that the testis lack the signals
needed for endogenous steroidogenesis and spermatogen-
esis. Low levels of FSH and LH leads to marked reductions
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Table 1 Percent of couples using a method of male contraception and efficacy of each of these methods in the prevention of unintended

pregnancy in the United States®

Year

Unintended pregnancy

Contraceptive method 1992 1995 2002 2008 rate per year (%)
Vasectomy 1 1 9 10 041
Condoms 12 20 18 16 10-15
Withdrawal 2 3 4 5 20-30

Total male contraceptive usage 25 34 31 31 -

Couple are only included in the right-hand column if they used the method as their sole means of contraception.

in sperm production in most men after 8-12 weeks of
testosterone administration. When the testosterone is dis-
continued, sperm counts return to pretreatment levels in
3-6 months.*°

Normal Male Reproductive Function

Sperm concentrations in normal men are usually be-
tween 15 and 150 million sperm in a milliliter of ejaculate.
The absence of sperm, a condition called azoospermia,
makes pregnancy impossible; however, a male hormonal

Hormonal Male Contraception

Ex enous
ndrogens
- prgggygstin

Figure 1 The normal function of the male hypothalamic-pituitary-testicular axis (left). Green arrows stimulatory, red arrows inhibitory.
Male hormonal contraceptives suppress secretion of follicle stimulating hormone (FSH) and luteinizing hormone (LH) from the pituitary

leading to a cessation of spermatogenesis (right).
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contraceptive that induces azoospermia in all men testing
has not yet been described. For reasons that remain a mys-
tery, some men have only partial reduction of their sperm
counts with male hormonal contracep‘tives.31 Suppression of
sperm counts to < 1 million sperm per milliliter (severe oli-
gozoospermia) decrease the chances of conception to < 1%
per year.3? Therefore, suppression of 100% of treated men
to sperm concentrations < 1 million sperm/mL is consid-
ered reasonable in male contraceptive research, as this
would be comparable to the efficacy of female hormonal
contraceptives.®

Interestingly, men in different racial groups respond differ-
ently to male hormonal contraception. Men receiving male
hormonal contraceptives in Asia seem to be more suscep-
tible to suppression of spermatogenesis by testosterone,
with azoospermia rates in the 90-100% range, whereas men
studied in America and Europe have rates of azoospermia
of 70-85% on the same regimens.®"* The reason for this
difference is unknown, but it is important to consider when
interpreting trial results from trials performed in different
geographic areas.

Administration of testosterone by the oral route is ineffec-
tive because oral testosterone is quickly degraded by the
liver. Therefore, most male hormonal contraceptive regimens
have utilized long-acting testosterone esters, such as tes-
tosterone enanthate (TE; Figure 2a), which are administered
by an intramuscular injection on a weekly basis. The World
Health Organization (WHO) conducted two large multicenter
trials of weekly TE injections as a male contraceptive. The
first of these studies enrolled 271 men and treated them
with 200 mg of TE weekly via intramuscular injection.®! Of
these men, 60% became azoospermic, and an additional
30% suppressed their sperm concentrations to fewer than
3 million sperm/mL. One hundred nineteen of the men who
achieved azoospermia with this regimen were instructed to

(b)

Figure2 Androgensusedintrials of male hormonal contraception:
(a) testosterone enanthate, (b) testosterone undecanoate.
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discontinue other birth control for 1 year. During that 1-year
period, only one pregnancy occurred, demonstrating that
azoospermia induced by testosterone was a highly effective
method of pregnancy prevention.

The second male hormonal contraceptive study con-
ducted by the WHO examined contraceptive efficacy of TE
injections in men who either became azoospermic or se-
verely oligospermic with TE injections.®? Of 399 mostly Asian
men, 391 (98%) became azoospermic or oligospermic.
Similar to the earlier WHO study, there were no pregnan-
cies caused by the men who became azoospermic. Among
the oligospermic men, fertility was reduced to 8 pregnancies
per 100 person-years. This equaled an overall failure rate of
3.4%, or a contraceptive efficacy rate of 96.6%. All men had
a return of normal spermatogenesis after completing the in-
jections, and there were no serious adverse side effects.

The two WHO studies demonstrated that intramuscular
testosterone injections administered weekly are an effective
form of contraception in a large majority of men. However, a
small percentage of men fail to suppress their sperm produc-
tion low enough to be considered effectively contraception
and are, thus, potentially fertile. In addition, the weekly intra-
muscular injections were unpopular with subjects. Indeed,
12% of the enrolled men discontinued involvement in the
study because of the need for the weekly intramuscular in-
jections. The other side effects besides injection pain were
minor and relatively well-tolerated. One concern with this
regimen was significant decreases in serum high-density
lipoprotein (HDL) cholesterol, which may accelerate the de-
velopment of atherosclerosis.3*3°

A newer form of injectable testosterone called testoster-
one undecanoate (TU; Figure 2b) has been introduced in
the last 10 years to treat men with hypogonadism. An injec-
tion of TU normalizes serum T levels in hypogonadal men
for 6-12 weeks.®®% Two large male hormonal contraceptive
trials of TU injections were conducted in China in the late
1990s and early 2000s.%8° In the first study, volunteers were
administered monthly injections of 500 or 1,000 mg TU for
6 months in an induction phase. Of these men, 95% even-
tually had sperm concentrations below 1 million sperm/mL.
These men then relied on their injections for contraception
for a year. Only one pregnancy was reported and the overall
efficacy was ~ 95% (Table 2). A second study enrolled over
1,000 men and reported a 94% overall contraceptive effi-
cacy.39 Side effects in these studies included a 7% increase
in hematocrit and a 23% decrease in HDL cholesterol,
but none of these changes led to subject discontinuation
and there were no serious adverse events. Despite these
promising results, the method was not approved for clini-
cal use by the Chinese drug regulatory agency for unknown
reasons.

In the hopes of achieving 100% azoospermia in men on
hormonal contraceptive trials, more recent male contracep-
tive studies have combined progestins with testosterone.
Progestins additively suppress FSH and LH secretion from
the pituitary.40 The first of these combinations used depot
medroxyprogesterone acetate, which induced azoospermia
in half of the study subjects; however, the contraceptive ef-
ficacy reported in this study was poor, with several couples
conceiving while receiving therapy.*'
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Table 2 Male hormonal contraceptive efficacy trials
Number Number of Number failing to Number of Overall
of couples couples entering suppress sperm unintended Total efficacy
Study (ref.) Regimen/length of treatment enrolled efficacy phase® productionb (%) pregnancies (%) failures® (%) (95% Cl)
WHO® TE 200 mg i.m. weekly 399 357 8 (2.0 5(1.4) 19 (5.3) 94.7
Suppression: up to 6 months (92-97)
Efficacy: 12 months
Recovery: 12 months
Gu et al.®® TU 1,000 mg i.m. once, then 305 296 9(2.9 1(0.1) 16 (5.2) 94.8
500 mg i.m. monthly (91-97)
Suppression: up to 6 months
Efficacy: 6 months
Recovery: 12 months
Gu et al.*®® TU 500 mg i.m. monthly 1,045 855 43 (4.8) 9(1.1) 52 (6.1) 93.9
Suppression: up to 6 months (92-96)
Efficacy: 24 months
Recovery: 12 months
Turner et al.*®  Testosterone pellets 400-600 mg s.q. 55 53 2(3.6) 0 (0) 2(3.6) 96.4
every 4-6 months & DMPA 300 mg (86-100)
i.m. every 3 months
Suppression: up to 6 months
Efficacy: 12 months
Recovery: 1 year
Behre et al.*’ TU 1,000 mg i.m. every 8 weeks & 320 266 11 (4.1) 4 (1.5) 20 (7.5) 92.5
noresthisterone enanthate 200 mg (89-95)
i.m. every 8 weeks
Suppression: Up to 26 weeks
Efficacy: 56 weeks
Recovery: 12 months
Totals 2,124 1,827 73 (4.0) 19 (1.0) 109 (6.0) 94.1
(93-95)

Cl, confidence interval; DMPA, depot medroxyprogesterone acetate; TE, testosterone enanthate; TU, testosterone undecanoate; WHO, World Health

Organization.

@For clarity, men/couples who dropped out for reasons other than failure to suppress pregnancies or sperm rebound, are omitted from the efficacy evaluable
population. *Toa predefined sperm concentration of < 1-5 million/mL depending on the study. “Defined as the sum of the number of pregnancies, failure to
suppress sufficiently to be included in the efficacy phase, or early discontinuation due to sperm rebound.

(b)

Figure 3 Progestinsused intrials of male hormonal contraception:
(a) levonorgestrel, (b) norethisterone enthanthate.
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Several studies of the oral progestin, levonorgestrel (LNG;
Figure 3a) have been reported in the literature. For exam-
ple, in one study, LNG was administered at 500 pg daily
by mouth in combination with weekly injections of TE for
6 months. This combination was better than TE alone in
terms of achieving azoospermia (67 % vs. 33%) and 94% of
men suppressed their sperm concentrations under 1 million
per mL.*? On the negative side, the LNG-TE regimen in-
cluded greater weight gain and decreases in HDL cholesterol
than the TE-alone group. A second progestin, desogestrel,
has also been tested in male contraceptive regimens with
similar results, but with less weight gain and smaller reduc-
tions in HDL cholesterol.*® A large industry sponsored study
of testosterone decanoate injections combined with an
etonogestrel implant suppressed 80-90% of men below a
sperm concentration of 1 million/mL over 1 year, depending
on the doses of testosterone and etonogestrel.44 A follow-up
study, one of the only placebo-controlled studies in the field,
combined etonogestrel with TU with 89% of 301 treated men
suppressing spermatogenesis to the goal of under 1 million
sperm/mL of ejaculate.*® The first androgen-progestin com-
bination efficacy study with 52 couples was published in
2003.%6 This led to a WHO/CONRAD larger trial testing in-
tramuscular injections of TU and noresthisterone enanthate
(Figure 3b) every 8 weeks to prevent pregnancy.*’ Although



the regiment was 93% efficacious for pregnancy prevention
in treated men, the study was stopped early due to concerns
about side effects. In particular, a significant number of men
were experiencing adverse mood effects and one suicide
occurred, making this regimen unlikely to be studied further.

Nestorone is a 19-norprogesterone, which is applied as a
transdermal gel daily to the skin, similar to popular testos-
terone gels for use by hypogonadal men.*® A combination
of daily application of Nestorone and testosterone gels
was studied for gonadotropin suppression in a 1-month
study,49 as well as in a 6-month male trial for suppression
of spermatogenesis.®® In the spermatogenesis study, 89%
of men achieved a sperm concentration of 1 million sperm/
mL. Most subjects on this regimen were very satisfied, and
indicated that they would use it if it were commercially avail-
able.’" A large phase Il international trial testing Nestorone
and testosterone gels for pregnancy prevention is currently
underway at nine sites around the world. Final results from
this study are expected in 2022.

The last androgen of note for male hormonal contraception
is called dimethandrolone undecanoate (DMAU; Figure 2c).
DMAU is a potent 19-norandrogen that binds both andro-
gen and progesterone receptors meaning that DMAU has
the potential to be a “single-agent” male hormonal contra-
ceptive.% Preclinical studies in rodents and rabbits have
demonstrated reversible suppression of gonadotropins and
sperm after the oral administration of DMAU.%® Similarly,
early clinical studies in men have demonstrated short-term
safety and tolerability with reversible suppression of gonad-
otropins.®* Phase Il testing of this compound is ongoing.

Efficacy of male hormonal contraception

To date, there have been six large male contracep-
tive efficacy studies in which the hormonal regimen was
used with the intention of preventing unintended preg-
nancy.3132:38:39.46.47 Eiye of these studies enrolled men with
oligospermia. Taken together, these five studies demon-
strate a contraceptive efficacy of ~ 94%, with a few men
not progressing to the efficacy phase by virtue of unac-
ceptably high sperm counts. In addition, there have been
only a few unintended pregnancies observed in these
studies (Table 2). Importantly, a pregnancy in these stud-
ies may not represent a failure of the tested regimen as
the pregnancy may not have been fathered by a man tak-
ing the contraceptive regimen. Therefore, the reported
efficacy may be even greater than reported. Given this
relatively high degree of efficacy, which compares favor-
ably to the condom, it may seem somewhat perplexing that
no male hormonal contraceptive has yet to make to the
marketplace. Part of the explanation for this may be un-
certainly regarding the safety of using hormones for male
contraception.

Indeed, the safety of a male contraceptive is paramount
to regulatory approval and user uptake. In the studies per-
formed to date, the most common side effect was acne,
likely due to increased androgen exposure from the injec-
tions. Other reported side effects have varied, but have
included increased body weight, changes in cholesterol
profile, and mood changes. No contraceptive study con-
ducted to date has found an increase in cardiovascular
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complications or blood clots, but none of these studies was
powered to study this outcome, and these events are un-
common in the young men participating in these studies.
The recent WHO/CONRAD trial, which used a long-acting
injectable combination therapy with TU and noresthisterone
enanthate, demonstrated a high degree of contraceptive ef-
ficacy, but was stopped early due to side effect concerns,
particularly related to concerns about negative effects on
mood.*’ Clearly, more work to understand the causes and
implications of these adverse effects will be necessary
before a hormonal regimen will likely be approved for wide-
spread use.

Last, in terms of risk, it may be argued that physical risks
accruing to the male partner from a male contraceptive are
justifiable in terms of preventing physical harm in his female
partner from unintended pregnancy, as long as the overall
risk is similar to that experienced by female contraceptive
users.

Experimental nonhormonal male contraceptives
Several research groups are examining approaches to
nonhormonal male contraception. Nonhormonal male con-
traception is male contraception that does not utilize the
administration of testosterone or compounds that block tes-
tosterone secretion or action.®® Nonhormonal contraception
may be more appealing to men than hormonal approaches
currently in development as it would avoid any impact on
testosterone concentrations and, hence, sexual function,
muscle or bone mass, or sex drive. In addition, the use of
testosterone would lead to disqualification from a sporting
event as individuals using testosterone to suppress sper-
matogenesis would have a positive test in a doping analysis.
Last, nonhormonal contraceptives may be more easily dosed
orally than most steroid preparations, which tend to be rap-
idly degraded due to extensive first-pass metabolism of
testosterone by the liver and intestinal wall.

Gossypol. One of the first examples of a nonhormonal
male contraception was gossypol. Gossypol is a complex
phenolic molecule derived from the seeds of the cotton
plant (Figure 4a). It was extensively studied in China in the
1970s and 1980s, including in two large phase Il studies
that enrolled > 8,000 men.*®%" In these studies, gossypol
reduced both sperm production as well as sperm motility
and induced abnormal sperm morphology by an unknown
mechanism of action. After prolonged treatment, a majority
of men developed azoospermia. Gossypol had an ~ 90%
efficacy in pregnancy prevention, but caused troubling
hypokalemia and a 1% incidence of hypokalemic periodic
paralysis. In addition, ~ 20% of men did not have return of
fertility. Despite attempts to lower the dose, or chemically
modify the structure of gossypol to improve efficacy and
reduce the risk of side effects, this approach to male
contraception has been largely abandoned.®®

Triptolide. Another potential male contraceptive compound
from China is the Chinese herb Trypterigium wilfordii, which
contains a diterpene epoxide called triptolide.59 This herb
had been used as a traditional Chinese medication for many
centuries. In the 1980s an antisperm effect was identified.
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Figure 4 Nonhormonal male contraceptives (a) Gossypol, (b)
H2-gamendazole, (c) JQ-1, (d) Win 18,446.

Specifically, Trypterigium administration impaired sperm
motility and decreased sperm counts. As was the case
with gossypol; however, several men taking this compound
had irreversible sterility, leading to its abandonment as a
reversible male contraceptive.®°

Adjudin. A more recent example of a nonhormonal male
contraceptive candidateis Adjudin, which wasfirstdescribed
in the early 2000s.' Adjudin interferes with the adhesion of
spermatids to Sertoli cells. As a result, spermatids undergo
premature spermiation and nonfunctional spermatozoa
are produced. In rats, the administration of 2 doses of
50 mg/kg of Adjudin weekly induced 100% infertility after
5 weeks of treatment without changes in serum hormones
or gonadotropins.®> However, liver inflammation was
observed in a 29-day study of adjudin.®® As a result, the
researchers working with Adjudin conjugated it to an FSH-p
mutant in order to target it to Sertoli cells, and reduce the
dose necessary for contraception.®* Unfortunately, this
proved prohibitively costly.5®

H2-Gamendazole. H2-Gamendazole (Figure 4b) is an
antisperm compound related to Adjudin that also interferes
with the normal functioning of the apical ectoplasmic
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specialization.®® All rats receiving a single oral dose of
gamendazole at 6 mg/kg were infertile, but only half fully
regained fertility.67 Unfortunately, three of five rats who
received a dose of 200 mg/kg died, indicating some issues
with toxicity and a low therapeutic window. Initial work was
performed in hopes of moving into human testing, but this
work seems to have stalled, apparently due to toxicity.

Epididymal peptidase inhibitor. Epididymal peptidase
inhibitor (EPPIN) is a sperm surface protein that plays a
role in liquefaction of the ejaculate.‘58 It was initially shown
that seven of nine male nonhuman primates could be
immunized against EPPIN. These animals were unable
to father pregnancies and the animals regained fertility
when the immunizations were stopped.®® This group has
developed small molecules that inhibit EPPIN binding as
a novel approach to the development of a nonhormonal
male contraceptive.70 Intravenous administration of one
compound, EP055, reduced sperm motility by 80% in male
macaques in a recently published paper.71 The development
of potent, oral compounds that can mimic this effect and
fully suppress sperm motility will be an exciting area of
future research.

Bromodomain testis-specific protein inhibition. A
testicular bromodomain protein called bromodomain testis-
specific protein (BRDT), which is testes-specific, is required
for meiosis. Individuals with mutations in the Brdt gene
have infertility from abnormal formation of sperm heads.*®
A landmark 2012 paper demonstrated that JQ1 (Figure 4c),
a small molecule inhibitor of BRDT function, reversibly
suppressed spermatogenesis in mice.”? Unfortunately, JQ1
also inhibits other members of the bromodomain family,
leading to toxicity at the doses needed for contraceptive
efficacy. Therefore, this group is developing a BRDT-
specific inhibitor, to minimize the potential for side effects
from this approach.”

Retinoic acid receptor antagonists. In 1925, it was
demonstrated that vitamin-A (retinol) is essential for
sperma’rogenes,is.74 Vitamin-A and its active metabolite
retinoic acid are necessary both for the initiation of
spermatogenesis at puberty and continued sperm
production in adults.”>"® Retinoic acid binds one of several
retinoic acid receptors (RARs), which regulate gene
expression. Male RAR knockout animals are sterile.””""®
As a result, developing approaches to block retinoic acid
function or production is a promising approach to male
nonhormonal contraceptive development.

BMS-189453 is an oral compound that acts as an an-
tagonist at all three RARs. It was dosed daily by mouth at
doses of 15, 60, or 240 mg/kg for 1 month to rats. In these
animals, BMS-189453 produced marked testicular degen-
eration, but also led to some liver inflammation.®° Lower
doses of BMS-189453 seem to suppress sperm production
without the liver toxicity seen at higher doses in mice.?’
For example, 2 groups of 30 mice each were administered
BMS-189453 at a dose of 5 mg/kg for 2 weeks followed by
a dose of 2.5 mg/kg for 4 weeks. The mice treated in this
study were completely sterile by 4 weeks.®? Twelve weeks



after treatment was stopped, fertility was completely re-
stored in all male mice. This compound, or a more specific
retinoic acid-alpha antagonist reported in the literature, 2
holds promise for nonhormonal male contraception.

Retinoic acid biosynthesis inhibitors. In 1960, the
administration of WIN 18,446 (Figure 4d) was shown
to dramatically suppress sperm production in men.848
Unfortunately, men taking WIN 18,446 had “disulfiram
reactions” consisting of nausea, vomiting, palpitations, and
sweating, whentheyalsodrankalcohol. Because ofthis, further
development of WIN 18,446 ended without an understanding
how it so effectively suppressed sperm production. In 2011,
it was demonstrated that WIN 18,446 suppressed sperm
production by inhibiting the biosynthesis of testicular retinoic
acid. This occurred by inhibition of enzymes aldehyde
dehydrogenase ALDH1A1 and ALDH1A2.8%%" Current work
in this area is focused on the development of novel, specific
compounds that inhibit retinoic acid biosynthesis in the testes
without blocking with alcohol metabolism.?® If successful,
this work could result in a contraceptive that inhibits sperm
production without significant side effects.

CatSper. In 2001, a novel sperm-specific calcium channel
was identified.8® Importantly genetic knockout of this
protein leads to infertility.’® One candidate CatSper
antagonist, called HC-056456, has been reported in the
literature.®" In vitro, this compound significantly suppressed
sperm motility; however, no in vivo data on this compound
or other CatSper antagonists have been reported to date.
Nevertheless, several groups are pursuing sperm ion
channels as potential male contraceptives,.92

Gendarussa. A plant commonly used in an Indonesian
traditional medicine called Justicia gendarussa has been
used as a contraceptive by men in Papua, New Guinea.
The active ingredient may be flavonoids called gendarusin
A and B.®® Some data on contraceptive efficacy for this
compound have been reported in abstract form, but not
published. In addition, the mechanism of action remains
unclear. Therefore, additional information will be needed to
determine whether this is a viable approach to developing a
nonhormonal male contraceptive.

Silodosin. Recently, a group in India published a paper
demonstrating that the alpha-1A-specific antagonist
Silodosin, used to treat prostate hypertrophy, could
function as a male contraceptive by inducing aspermia and
anejaculation.’* They had 63 men take 8 mg of silodosin
3 hours prior to intercourse and reported no pregnancies.
Notably the semen volume in these men was markedly
diminished, which may present issues with acceptability for
some men. However, this compound may be an option for
on-demand male contraception.

Vas occlusion methods. Since the 1970s, researchers in
India and China have been working to develop methods to
temporarily plug the vas deferens. Such a vas occlusion
method could, in theory, be removed at a later date if and
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when the man desired areturn to fertility. The Indian approach
to vas occlusion device is called reversible inhibition of
sperm under guidance (RISUG). Under ultrasound guidance,
a solution of styrene maleic anhydrate is injected into both
vas deferens, leading to occlusion and preventing the
passage of sperm. Several small clinical trials of RISUG in
men have been performed.®® These studies show excellent
contraceptive efficacy over periods of up to 1 year. However,
data on efficacy and reversibility from large-scale clinical
trials have not been published.

A nongovernmental organization called the Parsemus

Foundation has acquired the rights to RISUG, now re-named
“Valsalgel.” This reformulated styrene maleic anhydrate
functioned effectively as a contraceptive for 1 year in rab-
bits,% and also displayed efficacy in monkeys.”” However,
after reversal, the sperm of the rabbits lacked acrosomes,
possibly due to residual inflammation in the vas.? No data
on the fertility of these animals were reported. As a result, it
remains unclear if this procedure is truly reversible.
In China, in the early 1990s, a vas occlusion device using
medical-grade silicone and polyurethane plugs was stud-
ied.%1% Unfortunately, these devices had problems with
recovery of sperm counts after reversal, and the investiga-
tors abandoned this approach.

CONCLUSIONS

Contraception is the best tool available for the prevention
of unintended pregnancy. Thirty percent of US couples
use male methods, such as condoms and vasectomies,
but interest into novel male methods is high. Hormonal
approaches to male contraceptives have been exten-
sively tested in human studies; however, no regimen has
been identified with sufficient efficacy and safety to reach
regulatory approval. Several nonhormonal methods seem
promising in preclinical studies, but more testing and refine-
ment of these approaches will be required before human
studies can be performed to determine their efficacy.
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